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Abstract 
Grasslands are an important land use and land cover in Mongolia. It is particularly unique that more than 
99 per cent of Mongolia's agricultural area is grasslands. Changes in this vast agricultural area have implications 
not only for the country's economic future prospect but also for impact on regional environment. The use of 
satellite based 8-km vegetation index time-series dataset over 20 years (1981-2000] signaled potentially 
contrasting spatial patterns before and after 1990 when the country moved from planned economy to market 
economy. The concentration of declining vegetation activity in the north-central region particularly after 1990 
appeared to coincide with the distribution of croplands and the areas of increasing livestock density. 
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1. Introduction 
Mongolia is the second largest landlocked country in the 
world, only after Kazakhstan, situated in between Russia and 
China. The country has a total area of over 1.56 million 
square km and is located on a high Mongolian plateau 
ranging from 900 to 1500 m in elevation. Rocky desert and 
grassy semi-arid temperate steppe cover most of the land. 
Forests, which are limited to the mountainous areas, cover 
about 7 per cent of its entire territory. 
Grasslands are an important land use an~ land cover in 
Mongolia. It is particularly unique that more than 99 per 
cent of its agricultural area is grasslands: permanent 
meadows and pastures. Changes in this vast agricultural 
area~ totaling 1.15 million square km in aerial extent, have 
implications not only for the country's economic future 
prospect but also for impact on regional environment. 
Herding, which has been practiced for thousands of years 
still is the country's main economic activity. Cultivation 
plays a minor role in Mongolian agriculture because less than 
one per cent of the land is farmable. Crops are grown in the 
northern part of the country, some with the help of irrigation. 
Principal crops include wheat, potatoes, barley, and oats. 
The production of hay and fodder for livestock feed is also 
climate, with long cold winters and short warm summers. 
Most precipitation comes during the summer's short rainy 
season. Rainfall seldom exceeds 380 mm in the northern 
mountains and 125 mm in the southern areas (Fig. 1 ). 
Suttie (2005) reported that Mongolian grasslands, 
although hard grazed, are still in good order. However, 
there are other reports suggesting ongoing desertification by 
climate change due to anthropogenic or natural causes. 
This study aims to attempt to characterize the changes in 
these extensive agricultural recourses both due to climatic 
and anthropogenic origins, primarily using satellite-derived 
spatial pattern of vegetation trends at the continental scale. 
2. Data and Methods 
2.1 GIMMS NDVI dataset 
The Global Inventory Modeling and Mapping Studies 
(GIMMS) normalized difference vegetation index (NDVI) 
dataset, with an 8-km resolution was used to evaluate the 
time-series vegetation trends. The Global Land Cover 
Facility (GLCF)-of the United States provided the dataset. 
These data were originally constructed from NOAAAVHRR 
important. measurements and was corrected for calibration, view 
Climate is the limiting element of Mongolian agriculture. geometry, volcanic aerosols, and other effects not related to 
The period of grazing, the growth and quality of cultivated · actual vegetation change (Tucker et al., 2005). 
and natural plants, the timing and methods of performing Previous efforts. suggested NDVI proved best or at least 
many animal and crop production tasks depend directly on comparable among other proposed types of vegetation 
climatic and weather conditions. It has a dry continental indices such as soil-adjusted vegetation index (SA VI), 
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modified- and transformed soil-adjusted vegetation index 
(MSA VI and TSA VI) for estimating t;he actual vegetation 
condition when no location-specific soil characteristics and 
vegetation densities are available (Yamamoto et al., 1997; 
Purevdorj et al., 1998) . 
2.2 Vegetation Trend Analysis 
Vegetation trend for each pixel location was calculated 
using a series of maximum NDVI value for each year based 
on the simple time series regression model (Fig. 2). The 
process of selecting annual maximum NDVI for each pixel 
disregards the seasonal timing of the NDVI values (Rowland 
et al., 1996). The calculation resulted in a collection of 
slopes at each location. Only pixels with statistically 
significant increase or decrease (P < 0.05) were used for the 
assessment of spatiotemporal pattern (Hirano et al., 2006) 
and the same approach was taken in this study. In order to 
see if vegetation trends present similar or different spatial 
pattern before and after the major socioeconomic turning 
point in Mongolia, decadal trends were separately calculated 
and compared. 
2.3 Comparison of trend distribution with other spatial 
data 
Statistically significant per-pixel vegetation trends were 
cross-referenced with the European Space Agency (ESA) 
GlobCover Land Cover dataset: 300-m resolution land cover 
data (ESA/ESA GlobCover Project, 2008), 90-m resolution 
Shuttle Radar Topography Mission (SRTM) elevation 
dataset (Farr et al., 2007), and global climate layer 
(WorldClim) (Hijmans et al., 2005). Ten-year-averaged 
number of livestock density distribution by Province before 
and after 1990 was also compared with the vegetation trends. 
3. Results and Discussions 
About 12 per cent of the entire Mongolian territory 
showed statistically significant vegetation trends between 
1981 and 2000. Ten-year trends (1981-1990; 1991-2000) 
were color-coded and overlaid on land cover data (Fig. 3). 
Visual comparison indicated spatially different distribution 
pattern of improving and degrading trends - particularly to 
be noted being concentration of negative trends in the 
north-central region after 1990. When broken down by 
corresponding land cover types, it was found that much 
degrading trends after 1990 were observed in croplands land 
cover (Fig. 4). It is assumed that significant amount of both 
active and abandoned croplands after the introduction of 
market economy showed negative trends in vegetation 
dynamics. Ratio of trends distribution by elevation stayed 
more or less the same before and after 1990. Majority of 
degrading trends were observed in areas with annual 
precipitation between 200-300mm after 1990, which 
suggested drier condition deteriorating vegetation vigor. 
However, further climatic trend analysis should be carried 
out in order to draw concrete conclu_sion in this context. 
Mongolian statistics showed sharp increase in number of 
livestock after 1990. Lots of state-operated farmland labor 
force was reported to tum to herding. Economic incentive 
encouraged larger number of livestock per household. 
Density map of livestock by Province showed generally 
straightforward agreement with changes in vegetation trends 
- where concentration of increasing livestock density 
corresponding to concentration of negative vegetation 
dynamics (Fig. 5). This infers the potential impact of 
overgrazing leading to grasslands degradation. 
4. Concluding Remarks 
Spatiotemporal vegetation information derived from 
satellite remote sensing data · has often proved useful in 
characterizing environmental changes over land areas at 
various spatial-scale. In this particular study, changes in 
extensive grasslands in the entire Mongolian territory were 
evaluated in the context of socio-economical changes. This 
characterization is still at its primitive stage but provides 
clues to topical areas of interest that require further attention 
to be studied. 
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Fig.1 Location ofMongolia and distribution of its annual precipitation. 
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Fig. 2 Conceptual diagram of vegetation trend using annual maximum NDVI 
values. 
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Fig. 3 Distribution of statistically significant vegetation trends (1981-1990; 
1991-2000) overlaid on GlobCover land cover dataset. 
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Fig. 5 Density map of livestock ( sheep equivalent) by Province. 
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